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(3) A subset of human progenrtor celfs. 

@ A substantially pure populatk>n of human progenitor stem celts which lack CD38 but express CD34 is 
dakned. These stem cells are pJuripotent and are capable of blast cotony fonmation. These ceBs may be 
used in bone marrow transptantatk)n and gene therapy. 
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Field of the Invention 

This invention relates to a substantially pure subset of hunrtan progenitor cells, and noore particulariy relates 
to a substantially pure subset of progenitor cells which are CD34XD38'. This unicfue population of progenitor 
5 cells comprises pluripotent stem cells. The invention further relates to the use of such phmpotent stem cells in 
bone marrow transplantaUon and gene therapy. 

Badcground of the Invention 

10 The human hematopoietic system Is populated by cells of several difTerent lineages. These cells may 

appear in bone mairow, the thymus, lymphatic tissue(8) and in peripheral blood. Within any specific lineage, 
there are a numt>er of maturational stages. In most instances, the more ImmaturB developmental stages occur 
within bone marrow whie the mors mature and final stages of development occur in peripheral t>lood. 

There are three major lineages: the erythrotd lineage which matures into red blood cells; tfie myelomonocy- 

15 tic Gneage which matures into grantdocytes (including neutrophils, eosinophils and basophils) and monocytes; 
and the lymphoid lineage which matures into B lymphocytes and T lymphocytes. Within each lineage and be- 
tween each lineage, antigens are expressed differentially on the surface and in the cytoplasm of the cells in a 
lineage. The expression of one or more antigens and/or the intensity of expression are used to distinguish be- 
tween maturational stages within a lineage arid between lineages, token et aL have published a series of pap- 

20 ers which describe the maturational developnr>ent of B lymphocytes (Blood, 70:1316, (1 987)), the developnDent 
of erythroid cells (Blood, 69:255, (1987)), and the development of neutrophils (Proc. Anal. Cellular Pathol., in 
press) and mono-myeloid cells J. Ana). CeNular PathoK, in press). In each of these cases, token et a[. worked 
t)acfcward from the most rrature stage in peripheral t>lood and descrit>ed the changes in Kght scattering and 
antigen expresston on the less drfferentiated cells. Distinct maturatkmal stages couM be assigned to differen- 

25 tiatingpopulatk)r)8 of ceQs. Thus, for exanriple, using B lymphocytes, token et at d^ vel p- 

ment "stage B IV comprised the mature B lymphocytes, "stage B lir represented the immature B cell, 'stage 
B ir represented a mors immature pre-B cell and "stage B 1" represented the "blast" lymphokJ ceQ. Similar 
stages of development are described for each of the other lineages. 

Assignment of cell to lineage and to a matLiratk>nal stage within a cell lineage indk^ates lineage committ- 

30 ment Thera are cells, however, which are uncommitted to any lineage (i.e^ the "progenitor" cell) and which, 
therefore, retain the ability to differentiate into each lineage. This earliest progenitor cell has t>een defined as 
the pluripotent stem celt 

In U.S. Pat No. 4,714.660, Civin describes a difrerenttatk>n antigen whk^h is recognized by the monoclonal 
antibody designated My-10. In normal (i.e.. non-leukenrvc) indlvkluals, this antigen only is found on progenitor 

35 cells within the hemtopotetic system. Accordingly, Civin has described a populatkxi of progenitor stem cells 
which express the antigen recognized by My-10 (i.e., express the CD34 antigen), and has descrit>ed a method 
of usirig My-10 to isolate stem cells for tx)ne narrow transpiantatkni. My-10 has been deposited with the Ameri- 
can Type Culture Cdlectkin (Rockville. Maryland) as HB-8483. My-10 is commercially avaiable from Becton 
DKkinson Immunocytometry Systems ("BDIS") as anti-HPCA 1 . 

40 The use of an anti-CD34 antibody, such as My-1 0 e)one, however, is not sufHcient to isolate a substantially 

pure populatkKi of pluripotent stem cells. As noted in token et^ ., stage I B cells (whk:h are committed to B 
celt lineage) express the CD 34 antigen. Thus, using an anti-CD34 monoclonal antibody alone is not sufficient 
to distinguish t>etween "stem cells", as described by Civin, and the true pluripotent stem ceU* Accordir>gly, it 
has not been possible to isolate a pi^ populatton of these cells. 

45 The benefit of obtaining such a pure populatton of pluripotent stem cells is most readfly recognized in the 
field of gene therapy. Briefly, gene tt>erapy is postulated as a treabnent for specific diseases wtiere a disease 
is caused by a defect in a partk:ular gene. For example, sickle cell anemia is caused by a defect in a single 
gene. The red blood ceDs of sickle cell patients contain this defective gene whk:h, in turn, codes for a defective 
fom of the protein hen¥>globin. The defective fbnn results in the clinical oonditk^n of stekle cell anemia. SkMe 

50 cell anemia cannot be "cured* because the underlying defect is in the gene whk:h is included within every celt 
Oene therapy seeks to replace or repopulate the oeHs of the hematopoietk: system with cells that do not 
contain the defective gene but Instead contain a " nonnal " gene. Using conventional recombinant DMA technic 
ques, a *nomnal " gene is isolated, placed into a vector, the vector Is transfected into a cell capable of expressing 
the product coded for by the gene. The cell then must be placed in the patient If, the "normal" g ne product 

55 m produced, the patient is "cured" of the condition. The diffknjity is that the cell must be capable f continual 
regeneratkxi as well as growth and differentiation. 

Kwok ^a[.. PNAS 63:4552(1986). successfully demonstrated that gene therapy was possible using pro- 
genitor cells in dogs. Kwok et at. incorporated certain genes into the equivalent of lineage committed c lis by 
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retroviral infection using standard recombinant DNA techniques and transplanted the infected eels into the 
dogs. They obtained expression of the gene product(s) in cells isolated from the dogs. Whie these cells are 
capable of growth and differentiation, they are not capable of self-renewal. Thus, any "cure* would be tempor- 
ary. Plurfpotent stem celts, however, provide a better choice of cells in which to transfect a vector containing 

5 a 'normal* gene. Pluripotent stem cells have the capability not only of differentiating into cells of every lineage 
but also of regeneration. Thus, establishing an unlimited supply of such cells. Pfuripotent stem cells also offer 
the advantage that they do not recognize "self." Accordingly, incidences of graft versus host disease should 
be reduced. By transplanting a pluripotent stem cell, therefore cells of every type In the hematopoietic system 
containing the "nonmal" gene wll continuafly grow. Accordingly, isolation of pluripotent stem cells would be use- 

10 ful rK3t only in bone mannow transplantation but also in gene therapy. 

Summary of the Invention 

This invention comprises a substantially pure populatkm of human progenitor stem cells which are are sub- 
15 stantially taddr)g in lineage committed cells. These cells comprise a substantially pure population of t>la8t colony 
forming cells that also are CDM* and CDSS". Cells which are C034^/CD3Cr may be used In bone marrow trans* 
plantation to repopulate the bone marrow of a patient whose "defective" marrow has been destroyed by means 
such as lethalty irradiation (or other agents causing aplasia without recovery), and may be used in gene therapy 
wherein a gene producing a protein, enzyme or other product Is Inserted into the DNA of CD34'7C038" cells 
20 which then are transplanted into a patient's tx>ne marrow. 

CD347CD3a~ cells may be isolated from bone manow, blood or ottier tissues such as the thymus, lyn>- 
phatics, spleen or liver C034^yCD38~cells may t>e obtained from such fluids or tissues t>y conventional nieana 
such as flow cytometry wherein fluorescentfy labelled antK^D34 and anti-CD38 antibodies are used to sort a 
sut>stantiatty pure population of cella Means other ttian flow cytometry, such as magnetic bead cell separation, 
25 may be used with monoclonal antibodies against CD34 and CD3d to select and isolate a substantialy pure 
population of such cells. 

Brief Description of the Drawings 

30 FIG. 1 comprises a series of dot plots for normal bone marrow cell aspirates labelled with arTti-CD34 FTTC 

and anti-CD3B PE monodofY^ antibodies wherein (A) is a plot of transformed orthogonal light scatter vs. 
forward light scatter for all of the cells in Vtxe sample, (B) is a plot of PE vs. F1TC log fluorescence intensities 
for the cells witiiin the gate drawn in (A). (C) is a plot of transformed orthogonal light scatter vs. forward 
light scatter for the cells within the gate labelled I of (B), (D) is a plot of transformed orthogonal light scatter 

35 vs. forward light scatter for the cells labelled tV in (B), (E) is a plot of transfonmed orthogorial light scatter 

vs. forward light scatter for the cells within ttie gate tat>e}led III in (B) and (F) *s ^ P^^^ transformed orthogonal 
light scatter vs. forward light scatter for the cells within the gate labelled If rn (B); 
FIG. 2 comprises a series of dot plots of transformed orthogonal light scatter vs. forward light scatter (A) 
and tog fluorescence Intensities (B, D and E) of t>one marrow cetts in which the eryttvoid cells labelled with 

40 antHCD3d APC, ant^CD34 FfTC and ant)-CD71 PE which are depicted as black and all other cells remain 
gray, 

FIG. 3 comprises a series of dot plots of transformed orthogonal light scatter vs. forward tight scatter (A) 
and log fluorescence intensities (B, D and E) of bone marrow ceils In which the myelonDonocytic cells label- 
led with anti-CD38 APC, anti-CD34 FITC and antl-CD33 PE which are depicted as black and all otiier cells 
46 ren^ain gray; 

FIG. 4 comprises a series of dot plots of transformed orthogonal light scatter vs. forwanj tight scatter (A) 
and log fluorescence intensities (B, D and E) of bone marrow cells in whk:h the B lymphocyte eels labeBed 
Witt) anti-CD38 APC. anti-CD34 FITC and anti-CD10 APC which are depicted as black and alt ottier cells 
remain gray; and 

so FIG. 5 comprises a series of dot plots of transformed orthogonal light scatter vs. forward light scatter (A) 

and log fluorescence Intensities (B, D and E) of bone nrarrow ceils in which the T lymphocyte cells labeled 
witti anti-CD38 APC, anti-CD34 FITC and anti-CD5 APC which are depicted as black and all ottier cells 
remain gray, 

55 Detailed Description 

Th isolation and characterization of a substantially pure population of progenitor stem cells that are sub- 
stantially lacking in cells committed to a specific lineage and that are CD34VC038r was carried out as follows. 
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Bone marrow aspirates were obtained from consenting nonnal adult votunteers. Bone marrovir cell preparations 
were obtained using NH4CI lysates or density dependent centrifugation. In some instances, the ceHs were 
further enriched for 0034" cells. Mature cells were depleted using anti-CD4, anti-CDS. anti-CD22 and anti- 
glycophorln monodonal antibodies. These antit>odies were mixed with the erythrocyte fysed bone marrow and 

5 celts binding to these antitxxiies were removed using anti-mouse IgG labelled magnetic microspheres. The cells 
not attached to the magnetic microspheres represented the enriched hunrtan progenftor cells. 

In characterizing these human progenitor cells, the cells were prepared forflow cytometry. Row cytometric 
analysis was p>erformed either on a FACScan flow cytonieter or a FACStar Pkjs cell sorter (both avaMable firom 
BD(S). Data acquisition was perforn>ed with FACScan Research software and FACStar Plus software (BDIS). 

10 Forward light scatter, orthogonal light scatter and three fluorescence signals were determined for each cell and 
stored in listmode data files. Each experiment measured approxinrtately 30,000 cells. The analysis of the 
listmode data fles was performed with Paint-A-Gate^ software (BDtS). (See also U.S. Pat No. 4,845,653). 
For light microscopic examination, sorted cells were centrifuged for five minutes at 200g and reauspended hi 
100ul RPMl 1640 containing 10% fetal calf serum (^CS^. Cytospin preparations were made on a Shandon 

IS cyto-centrifuge. Slides containing sorted cells were stained with Glemsa stain. 

Erythrocyte lysed bone man-ow aspirates were stained with anti-CD38 phycoerythrin ("PE") arxj anti-CD34 
fluorescein isothiocyanate ("FITCO monodonal antit>odtes (comnDercially avaiat)le as Anti-Leu 17 PE and ant>- 
HPCA 1 FITC, BDIS). Forward light scatter, orthogonal tight scatter ar)d two imnrtunofluorescence paran>eters 
were determined for the bone marrow cells with a FACScan flow cytometer. One example of such an analysis 

ZD is fllustrated with Paint-A-Gate™ software in FIG. 1. 

FIG. 1 A shows the correlative display of fbnvard and transformed orthogonal tight scatter* (Transformation 
of the data was accomplished as set forth in commonly assigned copending application of MIckaels, Oost, Ter- 
stappen and Loken, P-1 841 , filed of even date herewith. ) CD34^ cells appear black whereas all other eels are 
depicted gray. The position of the nr^jor cell populatk)ns are indk:ated with "Eo' for eosinophils. "N" for 

25 noutrophis, * IM" for imnwture myeloid cells, 'Vi' for monocytes, V Ibr lymphocytes and for mature nuc- 
leated erythroid cells. A gate was applied on a light scattering region in which the black cokxed C034'^ cells 
appeared. Using this light scattering gate, an additional 30,000 cells were scanned in llstrrxxJe and the correla- 
tive display of CD34 and CD38 expression is illustrated in Fig. IB. 

As in FIG. 1A, the CD34^ ceHs in FIG. 1 B are depicted t)lack and all other cells are depicted gray. Ttm posi- 

ao tion of the previously described CD38 bright plasn>a cells and immature B lymphocytes are indicated with T' 
and *IB* respectively. Four populatk)ns of CD34'*^ cells were distinguished based ur>on differential expressk>n 
of CD34 and CD3d antigens. Stage P 1 is the smallest popuiatton. and brightly expresses the CD34 antigen 
but lacks the CD38 antigen. Stage P I appear in a specific light scattering region as is illustrated in RG. 1C. 
Morphology of these stage P I cells showed a strikingly homogenous populatkm of cells slightly larger than lynv 

36 phocytes. 

Stage P II cells were characterized by a low density expresskm of the 0038 antigen and a slight decrease 
of the CD34 antigen der^sity in concordance with an increase in the CD38 antigen density. The stage P II cells 
appeared in a sintitar light scattering region as the stage P 1 cells (see RG. IF). The morphology of these stage 
P II cells is comparable with that of the cells in stage P I, although a larger heterogeneity was observed. 

40 Stage P 111 cells were characterized by a large density of the CD38 antigen and an intennediate density of 
the CD34 antigen. With respect to light scattering properties, this populatk>n was heterogenous with a popu- 
latkxi of relatively low light scattering signals and a population with relatively large light scattering signals (FIG. 
IE). This heterogenei^ was confirmed by nDorphologic examinatkxi of the sorted cells. Blast cells of erythrokl, 
lymphokl and myeloid origin were observed in this sorted ce8 fractbn. 

40 Stage P W cells wera characterized by a large density of the C038 antigen and dim expresskK) of the CD34 
antigea TTie light scattering properties of this populatk>n was even more dispersed as compared with the stage 
P III cells (Fig. 1 D). The morphok>gy of the cells revealed blasts of the muftipfe cell lineages drfT^rentfated slightly 
mora when compared with stage P 111 cells. 

In 10 normal bone nr»anrow aspirates, the frequerKy of stage P I cells in the sample was less than 0.01% 

so of al cells. The percentage of all CD34'^ celts was approxinrtately 1 %, 

To confirm that the CD34^/C038~ cells Indeed comprise a substantially pure population of pluripotent stem 
cells ttiat are substantially lacking in lineage committed cells, cells from each of the four stages descnl)ed above 
were examined for expressbn of lineage differentiation antiger^. 

For the erythroki lineage, bone mant>w cell preparattons were btained by density dependent centrifu- 

99 gation. Cells were stained were anti-CD38, anti-CD34 and anti-CD71 (comn^erctalty avaj1at}le as Anti-Transfer- 
rin Receptor, BDIS) lluorescentty iabeDed monockxial antibodies. Forward tight scattering, orthogonal light 
scatter and the three immunoftuoresoent pararr»ters of the bone manrow cells were detemiined n a FACStar 
Phis cell sorter using a light scattering gate comparable to that set in FIG. 1 A RG. 2 displays the light scatter 
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and relative fluoredcence obtained on the erythroid cells. CD71^ positive cells which are eryttvoid appear blade 
whereas all other cells are depicted gray. Arrows in the figures indicate the maturation track of the eryttuoid 
cell lineage. The earliest recognizable eryttiroid cells were characterized by an expression of CD34 antigen 
and a targe density of CD38 antigen. These early erythroid cells (erythroblast by n>orphology) appeared in a 
5 region concurrent with stage P IV and to a lesser extent extend into stage P 111 as set forth In Fig. 1. There was 
no expression of CD71 in stage I or in stage P II indicating that there were no erythroid oommttted ceUs In either 
population. 

For the myelomonocytic lineages, erythrocyte tysed bone marrow aspirates were stained with anti-CD33 
(commercially avaiable as Anti-Leu M9, BDIS). anti-CD38 and ant}*CD34 fluorescentiy labelled monoclonal 

10 antibodies. Light scatter and jmmurwfluorescence parameters were measured as above and the results are 
set forth in FIG. 3. C033 which is a marker for myelonnonocytx: lineages, appear black where al other cells 
are depicted as gray. FIG. 3D shows a poputatk>n of brightly stained C033 cells which are dintly stained with 
CD34 and correspond to stage P III and stage P IV cells. All 0033** cells within this light scattering gate express 
CD38 (FIG. 3C). There was no expression of CD33 in either stage P I or stage P II indicatirtg that there were 

15 no myetomonocytic committed cells in either population. 

For the B lymphocyte lineage, low-density bone marrow cells were stained with anti-CD38, ant^DIO (corrv 
mercially avaOabie as Anti-CALtA, BDIS) and anti-CD34 ftuonescentfy labelled nx>nock>rtal antibodies. Light 
scatter and immunoftuorescence were again measured as above and as shown in FIG. 4. CDIO^ cells wtiich 
define the B tynnphocyte lineage appear black whereas all ottier cells are depkrted gray. FIG. 40 shows a popu- 

20 lation of brightiy staining CD10^ cells whbh stain dimly with CD34 and correspond with stage P III of the pro- 
genitor cells. All CDKT cells within ttiis light scattering gate express tfie CD38 antigen. Again, there are no 
CD10^ positive cells in tite stage P I or stage P II cells. 

Finally, for the T lymphocyte lineage, k>w density marrow cells were stained with anti-CD38, anti-CD5 (com- 
mercially availabld as Anti-Leu 1 , BDIS) and anti-CD34 fluorescentiy labelled morx>ck>na< antibodies, light scal- 

25 ter and immur)ofluorescence were determined as above and are shown in FIG. 5. C05^ cells which is a T cell 
marker appear black whereas all other cells are depicted as gray. FIG. 5B shows ti)at the CD5VCD34^ potential 
T cell precursor corresporfds with stage P 111 and stage P IV of ti)e progenitor cells. There are no T lymphoM 
committed cells as defined by CDS expression in either stage P 1 or in stage P 11 

Apart from these studies* cells within each of the four stages were sorted into indivkhjal wells and their 

30 ability to generate blast colonies was determined. Single ceils from each of the four stages were plated Into 72 
well plates containing liquki media for single cell culture. Each weH contair)ed a mixture of 20 ul mixture of IMDM, 
2% FCS. 1% BSA, 5 X 10-® M 2-mercaptoethanol, 600 ug/ml transferrin. 10 ug/ml soybean lecithin arid anti- 
biotics. On day 14 of incubation, recombinant human IL-3. IL-6, GM-CSF, CSF and erytfiropoieten C^po") were 
added to each v^l at a final concentration of lOOU/ml with the exception of Epo which was at Z5U/ml. All cul- 

35 tures were incut>ated in 5% CO2 in air at 37**C in a fully humkJified incubator. The plates were ot>served (between 
days 24 and 34 for the appearance of blast cell colonies. Replating efncier>cy was determirted by scoring col- 
onies on days 7-14 after replating of the indivkiual dispersed blast colonies in 96-well flat tX)ttom plates under 
identical conditions. The results are set forth in Table 1 . 

40 

TABLE 1 

* 

Plating efficiency of single cells an the four identified 
45 progenitor states for colony formation as a percentage 
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Exp 


Day 


Stage I 


Stage II 


Stage III 


Stage IV 


Day 


ReplEf f 


1 


28-34 


30.3 


7.0 


5.6 


0.0 


40-47 


nd 


2 


28-34 


25.1 


2.8 


0 


1.4 


40-47 


74 


3 


28-34 


25.3 


1.8 


2.8 


2.4 


40-47 


67 


4 


28-34 


18.8 


8.5 


2.1 


0.0 


40-47 


100 
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As can be seen, ceHs in Stage P I fonn the greater percentage of bfast colonies wtfen compared with later 
stages. The repeating efficiency of blast colonies was significant This indicates thatttie CD347CD3a.cells com- 
prise a substantially pure population of blast colony forming cells. 

In another experiment the ability to continuaHy reptate cells was examined over a course of 5 generatkHis. 
5 In Table 2. stage P I ceBs were replated from single well blasts colonies. As can be see, the cells from stage 
P I have the abaity to form blasts through at least five generations of replating. Accordingly, these cells appear 
to be se(f-renewing which is a function and characteristic of a true pluripotent stem cell. 

10 

TABLE 2 

Multi-Generation Colony Formation of CFU-Blast 

15 

Exp Gem Gen2 Gen3 Gen4 GenS Gen6 



1 


3^3^ 


7/4 


61/20 


9/9 


1 


1 


1/X 


S/3 


17/10 


3/3 


0 


1 


2/2 


4/3 


13/10 


2/2 


0 


1 


1/1 


4/2 


15/10 


2/2 


0 


1 


1/1 


5/2 


13/8 


2/2 


0 


1 


3/3 


6/3 


21/10 


5/5 


1 


1 


1/1 


3/1 


11/5 


2/2 


0 



90 a = number of colonies found 

b ^ number of colonies replated only vital appearing colonies were 
replated 

35 

Accordingly, to isolate a sut>stantially pure population of human progenitor cells* a combination of anti- 
CD34 and ant}-C038 monoclonal antibodies are used to select those human progenitor stem cells that are 
CD34^ and CD38~. One metfiod for the preparation of such a population of progenitor stem cells is to stain the 

40 cells wKh invnunofluorescentty labelled monoclonal antibodies. The cells then may t>e sorted by conventional 
flow cyttxnetry wherein tt>ose cells that are CD34^ and those cells that are C038r are selected for. Upon sorting, 
a subetantiany pure population of progenitor stem cells results. 

To effect gene therapy with a substantially pure population of human progenitor cells that are CD34^ arxi 
CD39~, the fblowing n)ethod may be used to insert a gene into these progenftor cells. The nf)ethod of selecting 

45 a gene, transfecting tt into a stem celt and transplanting of the stem eel into a patient are not critical to tt>e 
practice of tt>e invention. The use of the substantially pu^ population of stem cells in the mettxxJ is. For a review 
of the methoddogtes that are applicable, see Friedman* Science, 244:1275 (1d89) and Lancet, June 4. 1988, 
p. 1271. 

In order to Introduce a normal gene, one must first Isolate a normal gene from the cells of a donor. The 
90 cells may be isolated from tissue(s), blood or other body fluids, including bone manow. To find a gene coding 
for the defecthre protein, Df^from the donor cefls is isolated and deaved by enzymatic digestion into segments 
of varying length by means know to those skilled In the art The segments of DMA then may be inserted indi- 
vkfualty into vectors containing the appropriate regulatory sequences tor expresskxi of a gene product The 
vectors then can t>e screened by conventional means such as Northern bk>tting if the sequence for the rK)nnal 
66 gene is know or the expression product can be screen d t>y Western t>lotting. 

Altemativefy, ttie DMA sequence of the deslr&d gene or the sequence of the normal prot in may be known. 
In that case, the gene can be made by synthetic chemistries such as on a DnA Sequence (Applied Biosystems). 
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In any case, the method of isolation or construction of the gene sequence should yield a gene that codes for 
the desired gene product 

Once the DHA containing the gene is prepared, the DMA can t>e inserted into the popUation of 
CD34^a::D38~ stem cells isolated as at)ove. The ONA can t>e inserted t>y 1) physical methods such as ooprecH 

5 pttation with calcium phosphate, eJectroporation or microinjection (e.g., U.S. Pat No. 4,873,191), and/or 2) the 
use of viral vectors such as adenoviruses, if the DN A is less than approximately 7-8 kB, orretroviruses for longer 
segments of DMA. In the latter case, the DMA of the retrovirus is cut with a restriction enzyme and the human 
DNA containing the desired sequence is inserted and ligated. The retrovirus containing the Insertion them is 
infected Into the stem eels. The stem cells then can l>e assayed for production of the desired protein. See e.g.. 

10 U.S, Pat No. 4,902,783. 

In general, noolecular DNA cloning nr>ethod8 are well knam in the art and are not limiting in the practice of 
this invention. For a further description of similar mett>ods, see Friedmann, Science, 244:1275 (1989) and 
Molecular Cloning: A Laboratory Manual (2nd ed.). Cold Spring Hartxx Lat>oratory Press (Samtxrook, Fritsch 
and Maniatis eds.. 1989). 

15 To transplant the stem cells containing the desired gene, the cells may be introduced into the bone manrow 
of the patient by conventional means of bone nr^arrow transfer. Typically, this involves tt)e delivery of the calls 
t>y IV over a period of tirrw. The bone marrow of the patient may t>e lethally irradiated prior to irrfusion to assure 
that the trarisplanted stem cells fufly replace the existing bone n^arrow cells. 

All publications and patent applications mentioned in this specification are indicative of the level of ordii^ary 

20 sidll in the art to which this invention pertains. All publications and patent applications are herein incorporated 
by reference to the san>e extent as if each individual publication or patent application was specifically and Indi- 
vidually irxiicated to t>e Incorporated by reference. 

It wil be apparent to one of ordinary skit in the art that many changes and modifications can be made in 
the invention wittiout departing from the spirit or scope of the appended claims^ 

25 

Claims 

1. A substantially pure population of human cells comprising pluripotent hematopoietic stem cells that express 
30 the CD34 antigen but lack expression of the CD36 antigen and other lineage associated antigens. 

2. The populatk>n of claim 1 wherein the cells are derh^ed from a hematopoietic tissue. 

3. The populatk>n of cells of Claim 2 wherein the cells are derived from nianrow. 

35 

4. The population of cells of daim 3 wherein the ceUs are derived finom blood. 

5. A method for isolating a substantially pure population of human cells comprising pluripotent hematopoietic 
stem cells wherein henriatopoietic cells are selected on the t>asb of CD34 and CD38 expressk>n. 

40 

6. The nDethod of daim 5 wherein the stem cells are labelled with one or nxire lat>elled monodonal antibodies 
that react differentially with CD34 and CD38. 

7. The method of datm 5 or 6 wherein tt>e n^thod for selection indudes mear)s capaNe of dtscrimir)atir)g t>»- 
45 tween ceils that react dtfferentiaNy with fluorescently lal>elled nwnodonal antibodies. 

8. Themethodof daim 7 wherein said means comprises a flow cytonDeter. 

9. A method for altering the genonrie of a population of herDatopoietic stem cells that express the CD34 antigen 
50 but lack expression of other lineage associated antigens to insert a gene capable of producing a flinctk>nal 

gene product comprising the steps of: 

a) obtaining the gene coding for the gene product from a source; and 

b) inserting the gene into one or wore of the cells in the population. 

55 10. The rr>ethod of daim 9 wherein the gene isolated is inserted into a vector capabi of transf cting th cells. 
1 1. The method of Qaim 10 wherein th vector is a retrovirus. 
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1Z TTie method of dakn 9 wherein the source of the gene is DNA isolated from eels of a nomial donor. 

13. A substantially pure population of human stem cells comprising a populatkin of cells that are unconvnitted 
to any specific lineage. 

5 

14. A substantially pure population of human stem cells compnsrng a population of self-ienewing biast cokMry 
forming cells. 

15. The population of daim 14 wherein the celts are CD34'^/CD38~ and lack other lineage associated antigens. 

10 

16L The method of daim 5 wherein the cells are isolated t>y sequential passage of cells through one or more 
solid support means to which one or more monodonat antit>odies are affixed thereto. 

17. The method of daim 16 wherein one of said antit>odies affixed to said means is an anti-CD34 monodonal 
15 antibody. 

18. The method of daim 16 wherein one of said antibodies affixed to said means is an anti-CDSS monodonal 
ant2>ody. 

20 19. TTie method of daim 16 wherein said antibodies affixed to one of said means comprises n>onoclonal anti- 
bodies agairtst CD3d and one or more other lineage associated antigeris. 

20. The population of daim 1, 13 or 14 wherein the cells are exposed to one or nrx>re growth factors. 

29 21. The population of daim 20 wherein the growth factor is GM<)SF. 

22. The method of daim 6 wherein the label is a fluorescent maricer. 

23w The mettiod of daim 6 wherein the label comprises a magrietic bead and a fluoresent marker. 

30 

24. The method of daim 16 wherein one or more of the antibodies are conjugated to a lat>e). 

25. The n)elhod of daim 6 or 24 wherein the lat?el is a magnetk; bead. 

35 2ft. The method of daim 16 wherein the support means comprises a n^agnetic bead. 

27. The method of daim 26 wherein the nr^gnetic bead is lat>elled with an anti-mouse inrvnunoglobulin. 

28. The mettKxl of daim 1 6 wherein cells are passed first through a support means having affixed thereto anti- 
40 C034 nrK>r)odonal antibodies and then are passed through a support nwans having affixed thereto anti- 

CD38 monodonal antibodies. 



45 
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